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Abstract 

Aim: Meningitis is a central nervous system infectious disease with inflammation of the leptomeninges and subarachnoid space. There is still a severe mortality 
and morbidity from meningitis. Therefore, it is essential to make an early diagnosis and start empirical treatment for the causative agent as soon as possible. 
Material and Methods: Seventy patients diagnosed with meningitis in our hospital were included in our study. The anamnesis, physical examination, laboratory 
results, and treatment of the patients were retrospectively reviewed. 

Results: The most common complaint of our patients was fever, with 84.3%. Meningeal irritation finding was positive in 86% of patients aged two years and 
older, while this rate was 22.4% in patients under two years of age. According to the meningeal irritation findings, a statistically significant difference was 
found in terms of neutrophil, lymphocyte, and platelet values (p<0.05). Neutrophil levels of those with positive signs of meningeal irritation were significantly 
higher than in those without symptoms. Lymphocyte and platelet values of those with positive signs of meningeal irritation were substantially lower than in 
those without. The median values were 11.5 g/dL for hemoglobin, 11220/uL for leukocytes, 321500/uL for platelets, 25.9 mg/dl for CRP, 29 mm/h for ESR, 
61.2 mg/dL for CSF glucose, 37.4 mg/dL for CSF protein, and 100 for cell count. 

Discussion: In 4 of our patients, the CSF culture detected the causative microorganism. In 3 of the culture-negative patients, the causative pathogen was 
detected in CSF PCR. The most frequently preferred empirical antimicrobial treatment initiated for patients is the combination of vancomycin and a third- 
generation cephalosporin. 
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Introduction 

Meningitis is a central nervous system infectious disease 
that describes the inflammation of the meninges and the 
cerebrospinal fluid in the subarachnoid space resulting in 
severe mortality and morbidity [1, 2]. Bacteria, viruses, and 
other infectious agents can cause meningitis [1]. Clinical 
findings and morphological, chemical, and microbiological 
examination of the cerebrospinal fluid can reveal the underlying 
cause. The main goal in treating meningitis is to diagnose and 
start treatment as soon as possible, to prevent or minimize 
the complications that may develop [3, 4]. This research was 
carried out in the pediatric intensive care unit of our hospital 
to evaluate the clinical findings, blood tests, chemical and 
microbiological examinations in the cerebrospinal fluid and 
to examine the demographic characteristics, application 
complaints, examination findings, and test results of the 
patients diagnosed with meningitis, the compatibility of the 
biochemical and microbiological parameters obtained from 
these results, and the contribution of all these results to the 
diagnosis [1, 5]. 


Material and Methods 

Demographic and physical 
examination findings, biochemical and microbiological data of 
70 patients aged one month to 18 years who underwent lumbar 
puncture with the diagnosis of meningitis in Tekirdag Namik 
Kemal University Hospital, Department of Pediatrics, Pediatric 
Intensive Care Unit were included in the study by retrospectively 
examining. Ethical approval was obtained from Tekirdag Namik 
Kemal University Non-Interventional Clinical Research Ethics 
Committee (Study protocol number: 2021.66.03.06, Date: 
30.03.2021). 

Statistical analyses 

Statistical analyses were performed using a package program 
called SPSS (IBM SPSS Statistics 24). Frequency tables and 
descriptive statistics were used to interpret the findings. 
Parametric methods were used for measurement values suitable 
for a normal distribution. Using parametric methods, the 
“Independent Sample-t” test (t-table value) method was used to 
compare the measurement values of two independent groups. 
Non-parametric methods were used for the measurement 
values that did not conform to the normal distribution. By non- 
parametric methods, the “Mann-Whitney U” test (Z-table value) 
method was used to compare the measurement values of two 
independent groups. The Spearman correlation coefficient was 
used to examine the relationships of two quantitative variables 
that do not have a normal distribution. “Pearson-x2” crosstabs 
were used to explore the relationships between two qualitative 
variables. 


characteristics, anamnesis, 


Results 

It was determined that the mean age of the patients was 
6.1145.33 (years), and 27 (38.6%) were in the <1 age group. It 
was determined that 40 patients (57.2%) applied in the spring 
and summer months; 41 (58.6%) were male, 29 (41.4%) were 
female, and 5 (7.1%) had ventriculoperitoneal shunts (Table 1). 
A statistically significant difference was found in admission 
complaints regarding age (years) and head and neck pain status 


(Z=-6.431; p=0.0001). A statistically significant difference 
was found in age (years) according to MIB status at the first 
examination (Z=-5.829; p=0.0001). It was observed that the 
age of those with MIB was significantly higher than that of 
those without. A statistically significant correlation was found 
between the patient group under two years of age and the 
MIB status (x2=25.677; p=0.0001). A statistically significant 
correlation was found between the patient group under 
two years of age and anterior fontanel status (x2=35,758; 
p=0.0001). It was determined that the anterior fontanel of 
17 individuals (63%) under the age oftwo years was open. 
Moreover, it was determined that those in the <2 age group 
were predominantly open (bomb and pulsatile), while those in 
the age group over two years old were all closed. Thirty-one 
of the patients (44.3%) had very intense leukocytes in the 
CSF culture, 64 (91.4%) had PMNL as the dominant cell, 66 
(94.3%) had no growth in the CSF culture, four patients (5.7%) 
had change in their culture, two patients (50.0%) had change 
in CSF culture, pneumococcal growth was found in 3 (4.2%) of 
meningitis. There was no statistically significant difference in 
terms of leukocytes, neutrophils, lymphocytes, platelets, and 


Table 1. Distribution of findings related to patients 


Variable (n=70) 


Application season 


Spring 20 28,6 
Summer 20 28,6 
Autumn 16 22,8 
Winter 14 20 


Age classes [ X +"S.S.26.11+5.33 (years)" ] 


<1 year 27 38,6 
2-5 years 6 8,6 
6-9 years 15 21,4 
210 years 22 31,4 
Gender 

Female 29 41,4 
Male 41 58,6 
VP shunt 

No 65 92,9 
Yes 5 7,1 


Table 2. Distribution of biochemical 
examination results of the patients 


and microscopic 


Median 


Variable 


Hemoglobin (g/dL) 11,6 1,48 11,5 8,2 15 
Leukocytes (1/uL) 15081,42 20721,27 11220 2010 17800 
Neutrophil (1/uL) 8690,57 6262,54 7110 1180 32000 
Lymphocyte (1/uL) 3051,71 1984,03 2435 420 8250 
Platelet (1/uL) 345014,29 131731,89 321500 117000 753000 
CRP*(mg/dl) 68,34 90,93 25:9 0,1 432 
ESR**(mm/hr) 36,38 27,08 29 4 121 
CSF*** Glucose (mg/dl) 59,94 19359) 61,2 2 124 
CSF protein (mg/dl) 77,86 91,94 37,4 13,7 553 
Number of cells/mm3. 910 2613,29 100 10 17000 


CRP*: C-Reactive Protein, ESR**: Erythrocyte Sedimentation rate, CSF***: Cerebrospinal 
Fluid 
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C-Reactive Protein (CRP) according to the presence of fever 
in complaints at admission (p>0.05). A statistically significant 
difference was found in erythrocyte sedimentation rate (ESR) 
values according to the presence of fever in complaints at 
admission (Z=-2.442; p=0.015). It was observed that the ESR 
values in those who had an uproar in the application complaint 
were significantly higher than in those who did not have a fever. 
There was no statistically significant difference in leukocytes, 
neutrophils, CRP, and ESR values according to the presence of 
head and neck pain in the presenting complaint (p>0.05). 

A statistically significant difference was found in lymphocyte 
and platelet values according to head and neck pain status 
(p<0.05). There was no statistically significant difference in the 
admission complaints regarding nausea, vomiting, sleepiness, 
leukocytes, neutrophils, platelets, CRP, and ESR values 
(p>0.05). There was no statistically significant difference in 
leukocytes, neutrophils, lymphocytes, CRP, and ESR according 
to seizure status at admission (p>0.05). However, a statistically 
significant difference was found in platelet values (t=-2.135; 
p=0.036). Platelet values of those with seizure complaints were 
significantly higher than in those without seizures. At the first 
examination, there was no statistically significant difference in 
leukocytes, CRP, and ESR according to the meningeal irritation 
findings in the patients (p>0.05). According to the meningeal 
irritation findings, a statistically significant difference was 
found in terms of neutrophil, lymphocyte, and platelet values 
(p<0.05). Neutrophil levels in those with positive signs of 
meningeal irritation were significantly higher than in those 
without symptoms of meningeal irritation. A positive, weak, 
and statistically significant correlation was found between the 
patients’ leukocyte values and CRP values (r=0.399; p=0.001). 
As CRP increases, leukocytes will increase. Likewise, it was 
observed that leukocyte values decreased as CRP decreased. 
A positive, weak, statistically significant relationship was 
found between ESR and CRP (r=0.440; p=0.0001). As CRP 
increases, ESR will increase. When the distribution of the 
patients’ biochemical and microscopic examination results was 
examined, the median cell number was f00/mm3, the median 
CSF protein was 61.2 mg/dl, and the median CRP was 25.9 mg/ 
dl. The median leukocyte count was 11220, which is detailed in 
Table 2. 


Discussion 

Childhood meningitis has been one of the most feared infectious 
diseases since ancient times [1]. Acute bacterial meningitis, 
which continues to cause death and disability in children, is 
a neurological emergency, especially in developing countries 
with weak immunization studies [6]. Despite advances in 
antimicrobial treatments, the rate of development of acute 
bacterial meningitis in some developing countries varies 
between 16-32% and is still very high [7, 8]. 

Most of our study’s patients (38.6%) were one year old or 
younger. We think that this result is due to the immaturity of 
the immune response and the lumbar puncture to be performed 
primarily when no fever focus can be found in a patient younger 
than one year of age and the vaccine doses have not been 
completed yet. It has been stated that the only risk factor is 
age under 1 year, and the mortality rate under 1 year of age is 


high; therefore, this age group should be closely monitored. The 
same study emphasized that the reasons behind the uncertain 
seasonal bacterial meningitis patterns should be investigated 
further. Considering the application dates of the 70 patients in 
our study, according to the seasonal distribution we made, the 
total number of patients admitted in the spring and summer 
months (57.2%) is higher than the number of patients admitted 
in the autumn and winter months (42.8%). However, no 
significant difference was observed between the distributions 
when the seasons were evaluated alone. 

The most common finding in bacterial meningitis is fever [8]. 
When the symptoms of 70 patients in our study were examined, 
the most common symptom was fever in 59 patients (84.3%). 
The most common symptom after turmoil is head and neck pain 
in 34 (48.6%) patients. A statistically significant difference was 
found in age (years) according to head and neck pain status 
in admission complaints. Those with head and neck pain are 
significantly older than those without. Considering both the 
relationship of anterior fontanel status with age and the 
requirement that children must be above a certain age to 
define head and neck pain as a complaint, it is customary to be 
statistically significant. 

A statistically significant difference was found in admission 
complaints regarding age (years) and head and neck pain status 
(Z=-6.431; p=0.0001). It was observed that the ages of those 
with head and neck pain were significantly higher than those 
without. A statistically significant difference was found in age 
(years) according to MIB status at the first examination (Z=- 
5.829; p=0.0001). It was observed that the ages of those with 
MIB were significantly higher than those without. 

In the study by Michos et al., in which they examined 506 
patients with aseptic meningitis in Greece, the median cell 
number in the CSF was found to be 201/mm3, and PMNL 
was the dominant cell in 58.3% of the patients [9]. PMNL 
predominates in the CSF in approximately 90% of patients with 
bacterial meningitis. PMNL predominates in the early period 
in 20-75% of cases with viral meningitis [10]. In the CSF cell 
analysis of 70 patients in our study, the median cell number 
was 100 per mm3, and in the CSF analysis of 64 (94.3%) of the 
patients, PMNL was dominant when cell typing was performed. 
S.pneumoniae growth was detected in 2 of 4 patients with 
development. 

In our study, five patients (7.1%) had ventriculoperitoneal 
shunts, and all meningitis patients with VP shunts were younger 
than one year old. Enterococci were found in CSF culture in 1 
patient with VP shunt, and Methicillin-Resistant Staphylococcus 
hominis growth was detected in CSF culture in 1 patient. 
However, since the number of patients with VP shunt is limited, 
it is difficult to make a judgment. 

The diagnosis of bacterial meningitis 
microbiological testing of CSF, which includes cytochemical 


is confirmed by 


analysis, cell count, microscopy, and culture [11, 12]. However, 
antibiotics before the lumbar puncture procedure may reduce 
the culture yield and cause diagnostic uncertainty [12, 13]. 

In our study, when the symptoms and signs were compared 
with some biochemical parameters, ESR values in patients 
with fever were statistically significantly higher than in those 
without fever. No statistically significant difference was found 
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between the patients with and without fever for values of other 
leukocytes, neutrophils, lymphocytes, and CRP. Lymphocyte 
and platelet values in those with head and neck pain were 
statistically significantly lower than in those without head and 
neck pain. It was observed that neutrophil values in patients 
with seizures were statistically significantly higher than in those 
without seizures. Neutrophil values in those with meningeal 
irritation findings were statistically significantly higher than in 
those without, and lymphocyte and platelet values were lower. 
Conclusion 

The mean age of the patients was 6.11 + 5.33 (years), and 
37.2% were one year old or younger. When patients’ admission 
symptoms and physical examination findings are examined, the 
most common symptom is fever, with a rate of 84.3%. ESR 
values in patients with fever at admission are statistically 
significantly higher than in those without. No statistically 
significant difference was found between the patients with 
and without fever for other values of leukocytes, neutrophils, 
lymphocytes, and CRP. The most common symptom after 
turmoil is head and neck pain, which is seen in 48.6%, and a 
statistically significant difference was found in age (years) 
according to head and neck pain status in admission complaints 
(Z=-6.431; p=0.0001). A statistically significant difference was 
found in lymphocyte and platelet values according to head and 
neck pain status (p<0.05). The lymphocyte and platelet values 
in those with head and neck pain were significantly lower than 
in those without head and neck pain. 

The meningeal irritation findings found a_ statistically 
significant difference in neutrophil, lymphocyte, and platelet 
values (p<0.05). 

Growth was observed in the CSF culture of four patients, and S. 
pneumoniae growth was detected in 2 of them. In the other two 
patients with development, VP shunt was found. Enterococcus 
growth was seen in one of the CSF cultures, and Methicillin- 
Resistant Staphylococcus hominis growth was found in the 
CSF culture of the other patient. Five of the patients included 
in our study had VP shunt, and all of the patients with VP shunt 
were under one year old. In patients in whom the CSF PCR was 
studied, no growth was observed in the CSF culture of 3 patients, 
and N. meningitidis was found in one patient, Hib in one, and 
Parechovirus in the other in the CSF PCR results. The causative 
pathogen was detected by CSF culture and PCR methods in only 
seven of 70 patients in our study. Although the etiology cannot 
be determined, the patients are those whose meningitis is 
suspected by anamnesis, physical examination, and laboratory 
findings, and the diagnosis of meningitis is confirmed by the 
CSF’s cell count and the CSF’s biochemical analysis. For this 
reason, especially unexplained fever, headache, vomiting, and 
positive signs of meningeal irritation on physical examination, 
the presence of a bulging and pulsatile fontanelle in a child 
with open anterior fontanelle should bring meningitis to mind in 
the diagnosis, and especially if there are no contraindications, 
the presence of meningitis should be considered. If suspected, 
acyclovir treatment for HSV should be started. 
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